オフ ザ ロード ロコモーション ニ カンスル ケンキュウ スイデン ホジョウ ニオケル エンチョク オウリョク ノ サンシュツ by 吉田, 勲 et al.
佐大淡公 39: 17-34 (1975) 
Studies on Off-The揃RoadLocomotion 
一一-Estimation of vertical stresscs in the lay口、 ofpaddy field soil -一司
Isao Y OSHIDA and }三enKAKU 
(Laboratory of Co附 ruct問 lE時i町 ering)
Receiued May 29， 1975 
Sununary 
Both Boussinesq's formula and Fr叫llich'sare generally used for estimating the stress 
distribution in the soil. The former is derived theoretically from assuming that the soil 
is a complete elastic body. On the other hand， the latter is derived semi嗣empirically
fI、omconsidering that the soil can not be regarded as a complete elastic body. In addition， 
Strohschneider's formula， which takes the critical angle of stress propagation into account， 
is sometimes used. 
In this paper， first， the characteristics and the application limitis of those formula arc 
discussed. Then， formulas for estimating the stress under the center of a circular area 
are derived from assuming various load distributions at the base. Furthermore， the results 
of calculation obtainecl by using thcse formulas are shown in tables. 
1. Introduction 
Recently， large scale and heavy agricultural vehicl巴shave been introduced in the 
]apanese agriculture with its mechanization and the paddy soil is subjected to such heavy 
loads that it has not experienced before. The soil might b巴 compactedso closely that 
the root growth of plants would be obstructed and， asthe results， the production yields 
would be reduced by the run of these vehicles. 
The distribution of vertical stresses in the soil during the run of a vehicle has an essential 
influence on the compaction characteristics of soil. Therefore， it is necessary for the at-
tainment of reasonable mechanization of agriculture to have an exact knowledge of the 
vertical stress distribution in the soil during the run of a vehicle. In this paper， the 
authors deriv巴dthe theoretical formula for estimating the vertical stress distributions 
in the ground caused by the external force applied on the ground surface and made cal嗣
culations using these formulas. 
2. Forlllulas for estilll剖 ingthe vertical stresses in出eground 
2.1. Derかationof Boussinesq's formula 
Let us consicler an element area m-n on the circle， which has the radius of R and passes 
through the point N in the ground and a normal polar stressσγacting on it (Fig. 1 (a)). 
Displacement S has the maximum value， when the angle s isequal to zero， and has the 
value of zero when it is equal to ninety degrees. It may be assumed that the displacement 
S isinversely proportional to the radius R. Therefore， it will be expressed by the following 
equatlOn: 
SZ4 、 ? ????
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where， C: coefficient 
If the point N moves to the point N;， the displacement Si on the circle， which has the 
radius of R十dRand passes through the point Nけ willbe expresscd as the Cql削 ion(2): 
? ? ?????
?? ??? ? (2) 
The strain or the relative strain εis given by the equation (3): 
ε (J S-S; C'cos s C.cos s C'cos s dR -dR.R--dR(R十dR)= R2+ d頁 (3) 
Neglecting R.dR in the equation (3)， the equation (4) is obtained: 
ε_ C'cos s 一一百γ一 (4) 
According to Hook's law， the stress is proportional to the strain. Therefore， the polar 
stress will be obtained by the next equation: 
σα・ε (5) 
whcrc叫 polarstress (kgfcm2). 
αcoefficicnt (kgfcm2). 
By substituting the equation (4) in the equation (5)， the next equation is obtained. 
ぴ c・α3r = --n?-COS T (6) 
The coefficientsα， C and the polar stress can be cletermined by equating the normal 
components of polar stresses uniformly distributed on the hemisphcre to thc concentrated 
load applied on the semi“infinitc body along the Z axis: 
rA 
P=¥σ7・cosβ.dA
where P: point load (kg). 
A: surface area of her出 phere(cm2). 
From Fig. 1 (b)， the surface area dA is given as follows: 
dA=2πR2・sins.ds 
(7) 
(8) 
Therefore， equation (7) leads to the next equation: 
P=2rcR予r叫 c吋船三ηCα
α・C一三P-
2π (9) 
By substituting the eql叫 ion(9) in the equation (6)， the equation for the polar stress 
is obtained: 
σ 3'l!_ m~ R 
r 2πR2 匂~V t' (10) 
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It is shown that the po1ar stress is inversely proportiona1 to the square of the distance 
from the point of the concentrated 10ad to the point of the stress. The vertica1 component 
σz is derived as follows: 
σz=σ7・cosβ
and 
σz=に(会y
(11) 
(12) 
The rearra時 emento[ equation (11) and (12) 1eads to the equation (13) (see Fig. 1 (c)): 
3.P ハ 3.p.Z3 3.P 円 3・P P 
σf京支zCぽ {:f 百下立五Z2COS" 1:5 =夜 Z2r ( r \2l~ (13) 
11+1言)I 
where が十y2=r2，R=yl・2十Z2，
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F ig.1. F igure i1I us tra ti時間menclatureswhich are uscd in dcrivations of strcs formulas. 
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Boussinesq assumed that the soil was homogeneous and isot1'opic in the above de1'ivation， 
but， asit is neithe1' homogeneous no1' isot1'opic， the1'e should be some obstacles in using 
the fo1'mula fo1' 1'eal soil. 
2.2. F1'ohlich's fo1'mula 
Although Boussinesq assumed that the soil was homogenous and isot1'opic， and Young's 
modulas of the soil is constant in his analysis， Young's modulas inc1'eases in the 1'eal soil 
with the depth and concent1'ation of st1'ess will a1'ise along the load axis. F1'るhlichirト
tr、oducedthe concent1'ation facto1' as below to improve and to exp1'es it in a gene1'al fo1'm: 
ぴ v・!:ocos" B 一一Z 三五頁z¥，.v，: μ (14) 
This equation means that the ve1'tical st1'ess dist1'ibution changes with the change of 
the value of νwhich 1'ep1'esents the p1asticity of the soil. It is identica1 to Boussinesザs
fo1'ml山 (13)fo1' an e1astic body， ifthe facto1' equa1s 3. Ohde mentioned tl凶 theconcen-
t1'ation facto1' would be given by the following equation: 
ν=1十一一三一-l-sin ゆ
whe1'e 1>:interna1 f1'iction ang1e of soi1 (degree) 
(15) 
F1'om the equation (15)， the concent1'ation f~lctor of 101心、ictionalsoil (十二0)is given 
asν口 3. The concentration facto1' inc1'eases with the inc1'巴aseof the interna1 f1'iction 
angle of soil. Fo1' examp1e， ifthe interna1 friction ang1e of soi1 is 300， the concentration 
facto1' will be ν=5. 
2.3. St1'ohschneider's fo1'mu1a 
Strohschneide1' assumed that thc stress in the soil does not extend into the uppe1' 1'egion 
which is divided by a c1'iticalline (Fig. 5)・ Theangle between the criticalline and the 
10ad axis is called the c1'itical ang1e of stress p1'opagation. Strohschneide1"s fo1'mula is 
derかedby the same p1'ocedu1'e as the de1'ivation of Boussinesq's fo1'mu1a， taking the te1'm 
cos s as cos (s-トθ)，in whichタ口90-0. Then the eq回 tion(6) becomes the next 
equatlOn: 
ぃ αe=芋川十0) (16) 
The1'efo1'e， the ve1'tica1 st1'ess will be obtained as follows: 
ぴz=主主盟主4s(cosβ一cosψ・自の
2πZ2 (l-cos ψ) (17) 
whe1'eψc1'itica1 angle of st1'ess p1'opagation (deg1'ee). 
If the value of angle s equals ze1'o， Fr悦11ich'sfo1'mu1a (14) and St1'ohschneide1"s fo1'mula 
(17) will become as follows: 
ν.p 
σz= 一五五p (18) 
3.P 
ぴz 五Z2
1 
(19) 
By cquating cquation (18) and (19)， the following 1'elation is obtaincd: 
Agricultural Bulletin of Saga University No. 39 (1975) 21 
ジヱ
3 
(20) 
The eql削 ion(20) shows that the critica1 ang1e of strcss clistribution o=300 ancl 600 
will corresponcl to thc concentration factor ).1=6 ancl 8， respectiv巴1y.
P 
the zone in which the strcs 
docs not propagate 
critical angle of stres 
propagatlOn 
Fig. 2. Strohschncidcr's syslcm. 
2.4.1. Whcn the clepth Z is constant 
The shape of the stress clistribution on the horizontal surface at the clepth Z uncler grouncl 
surface will be obtainecl by taking Z=constant in the formula (14)， asFig. 3 (a). The 
1ocation of the maximum vertical stress will be at the point clirect1y uncler thc appliecl 
1oacl. Thc flection point of thc curvc is obtainccl by the following equation: 
d2σZ_1i 
ds2--V 
↓ ??
?
?
? ?? ?
? ?
??? ????? ??? ? (21) 
Eq国 tion(21) inclica tes that the greater the co恥 cntrationis， thc smaller the日cction
ang1e ancl the more conccntratecl the vertica1 stress is. 
2.4.2. When the clistance X is constant 
Now， substituting the relation XjR=cos s in the formu1a (14)， the following equation 
is obtainecl: 
vP 1 σZごこすー- 究 cosνβ.sin2β 
"，71; X-
(22) 
The shape of the ver‘tical stress clistribution at a constant clistance from the axis of ap-
p1iecl loacl is shown as Fig. 3 (b)， by taking X之江constantin the equation (22). This 
curve has the maximum value at s之江s， ancl f1ection points 叫んρsW2・
β別立COçlJ~
ジ十2
(23) 
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炉問1JZF
βω=COs-1 
where 
2.4.3. When the va1ue o[ (J z isconstant 
The equation (14) can be rewritten as [ollows with the va1ue o[σz consta凶:
ぴ ν.p
z -2n頁γCOS"/:> =u z・β足。
1 ハ 1 1 
支ZCOSνβ 口 RO=玄5
.'.R2 = Zo cosVβ 
(24) 
(25) 
(26) 
The above equation gives a curve called isobars. Taking di丘erentva1ues o[ li， a group 
o[ isobars will be obtained as shown in Fig. 3 (c). 
P P 
Z 
(a) Z=constant (b) X=constant (c) ぴz=constant
Fig. 3. Vertical and h01包ontaldistributions of vertical stres. 
3. The vertical stress uuder the center of loaded circular area based on 
Frohlich's forlllula 
3.1. The case o[ a uni[orm1y dist1'ibuted load on a ci1'cular area 
By using superposition， the stress can be obtained. Consider， [01' example， the str巴s
at a 配pthon the Z axis (Fig. 4 (a)). The stress produced by a distributed load over 
the ring area o[ radius 1"， width dr， isobtained by substituting P=qo・r・dr.2・た in the 
[ormula (14): 
向。 v.dιCOSVi-2βz竺h二竺fLcosν+2B 2πJ己2 --- (J 2πZ2 旬、 (J (27) 
whcrc l-P P 
qO=A-王子Z'
Thcreゐre，附esproduced by山 umゐrmload dist1'ibutecl ovcr the circular area with 
the radius 1"0 will be obtaincd by the cquation below: 
σz=)dσz = qo(l-cosvl2 so) = qOι (28) 
where Iv: the influence value corresponding to the concentration factor. 
Influence values fo1' different concentration factors and di丘erentvalues of Z/1'o are 
given in Table 1. 
3.2. The case of the paraborically (2nd order) distributed loacl 
The load dist1'ibution is assumed to be expressed by the following equation (see Fig. 4 
(c) : 
q=一周!α1・2-br十C (29) 
Ifqロ qm."at r口 oand q=O at r=ごI=ro，thc equatioη(29) will become to thc following 
equatlOn: 
q =qmax [1一(ず] 、?， ?? ???? ? ?
The load P isequal to the integ1'al of the area π1'2ヲfromq=O to q口 qmax:
~;nav.f山 (31) 
F1'om eqt削 ion(30) and (31)， thc following cquation is obtaincd 
「
? ? ?
???
??
…?
?
?
??
?
??
?
???
」
??
?? ?? ?? (32) 
The formula of the vertical stress distribution under the center of a loaded cir・culararea 
will be clerかedin the same manner as in the case of 3.1 : 
σz=会Zrhumけ 2s [1-(ザ]2'7:r' d7 (33) 
Then， by substituting the followi時 relationin the equation (33) and making rearrange-
ment， the eqt削 ion(35) is obtained: 
1・=Ztanβ，1"o/Z=tanso 
r/ro =tanβ・cotβ0，dl"=(Z/coss)ds J 
(34) 
日 qo[l-cosv so一νC∞ωO
口 qo・H2・ν
where H2•v : influence value corresponding to concentration factor. 
The valu巴SofH2・νwhichis called the influence value are given in Table 2. 
3ふ Thecase of the t出 r
(35) 
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The equation of the vertical st1'ess dist1'ibution can be de1'ived in the same manne1' as 
in the case o[ the above sections (3.1.， 3.2.): 
σzロ 2切にで~πCOsvl2 、 、 ， ， ?????? ?
whe1'e q=3・qo(l-l'/l'o)
By substituting di任e1'entconcer由、ationfactors in equation (36)， the followi碍 equations
are de1'ived: 
ジ=3，σz=3・qo(1-cosso) = qo・T3
日， σz口 3刈-ho叫ん-~ cos2 so)吋 o.T4 
ν=4σz=3叫-3c叫。-tc叫 )=qo Ts 
(， 1 ~~~4 D 3 ~~~2 D 3 ¥ ν口 5 ぴz=3・qo¥ 1-
.J. cosβ。-否-cos s 0- 8 s 0cotβ0)=qOT6 
The above equations a1'e exp1'essed in a gene1'al fo1'm as below: 
σz=qo・Tν
where Tνinftuence value 
Inftuence values [01' different values of νand Z/1'o are given in Table 3. 
3.4. The ca日eof the load distribution with a curve of 4th order (Fig. 4 (d)) 
The equation of load distribution is given as follows 
(37) 
qロ1叫1-(ザ] (38) 
The vertical stressσz will be expressed by the next equation. 
σZ=1.5qO[1-COSVβoνcot" so 
? ? ?
????? 、
?
?
?
?
??
?
ν主COSv-4so) ] 
=qo・H4・ν (39)
whe1'e Hぃ inftuencevalue 
Values of H4-v for diffe1'ent values of Z/l'o are given in Table 4. 
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(a) uniform load 
3 qo 2 CZo
(b) trianglc (c) palabola (d) 4th ordcr curve 
(2nd order curv巴)
Fig. 4. Types of distributed loads. 
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Table 1. 1 nflt '1、able2. Influcnce values (H 2 •,) in the 
tion (28) equation (35) 
3 4 :J G 3 4 5 6 
O 1.0000 1.0000 1.0000 1.0000 O 2.0000 2.0000 2.0000 2.0000 
0.1 1.0000 1.0000 1.0000 1.0000 0.1 1.9640 1.9802 1.9867 1.9900 
0.2 0.9999 1.0000 1.0000 1.0000 0.2 1.8714 1.9231 1.9471 1.9601 
0.3 0.9763 0.9989 0.9997 0.9999 0.3 1.7434 1.8349 1.8828 1.9106 
0.4 0.9488 0.9810 0.9929 0.9974 0.4 1.5977 1.7241 1.7976 1.8430 
0.5 0.9106 0.9600 0.9821 0.9920 0.5 1.4472 1.6000 1.6965 1.7600 
0.6 0.8637 0.9299 0.9639 0.9814 0.6 1.3009 1.4706 1.5854 1.6652 
0.7 0.8116 0.8920 0.9380 0.9645 0.7 1.1640 1.3423 1.4699 1.5630 
0.8 0.7564 0.8479 0.9050 0.9407 0.8 1.0392 1.2195 1.3547 1.4755 
0.9 0.7004 0.7995 0.8645 0.9100 0.9 0.9275 1.1050 1.2433 1.3542 
1.0 0.6466 0.7502 0.8234 0.8751 1.0 0.8284 1.0000 1.1381 1.2500 
1.1 0.5964 0.7018 0.7796 0.8371 1.1 0.7413 0.9049 1.0403 1.1527 
1.2 0.5467 0.6518 0.7325 0.7945 1.2 0.6650 0.8197 0.9505 1.0615 
1.3 0.5019 0.6051 0.6870 0.7519 1.3 0.5901 0.7435 0.8688 0.9971 
1.4 0.4606 0.5610 0.6426 0.7091 1.4 0.5398 0.6757 0.7948 0.8994 
1.5 0.4143 0.5211 0.6016 0.6686 1.5 0.4885 0.6154 0.7281 0.8284 
1.6 0.3904 0.4831 0.5617 0.6284 1.6 0.4435 0.5618 0.6681 0.7638 
1.7 0.3593 0.4476 0.5239 0.5895 1.7 0.4040 0.5141 0.6142 0.7051 
1.8 0.3319 0.4159 0.4893 0.5535 1.8 0.3691 0.4717 0.5657 0.6519 
1.9 0.3069 0.3866 0.4571 0.5195 1.9 0.3382 0.4338 0.5221 0.6037 
2.0 0.2843 0.3598 0.4273 0.4878 2.0 0.3108 0.4000 0.4829 0.5600 
2.1 0.2642 0.3356 0.4002 0.4585 2.1 0.2865 0.3697 0.4475 0.5204 
2.2 0.2459 0.3136 0.3752 0.4317 2.2 0.2647 0.3425 0.4156 0.4844 
2.3 0.2287 0.2926 0.3513 0.4051 2.3 0.2452 0.3180 0.3867 0.4517 
2.4 0.2134 0.2739 0.3329 0.3812 2.4 0.2277 0.2958 0.3605 0.4219 
2.5 0.2000 0.2574 0.3106 0.3600 2.5 0.2119 0.2759 0.3368 0.3948 
2.6 0.1873 0.2416 0.2923 0.3396 2.6 0.1977 0.2577 0.3151 0.3700 
2.7 0.1752 0.2265 0.2746 0.3197 2.7 0.1848 0.2413 0.2954 0.3473 
2.8 0.1646 0.2132 0.2590 0.3021 2.8 0.1730 0.2262 0.2774 0.3266 
2.9 0.1556 0.2016 0.2456 0.2869 2.9 0.1624 0.2125 0.2609 0.3075 
3.0 0.1459 0.2018 0.2456 0.2869 3.0 0.1526 0.2000 0.2458 0.2900 
3.1 0.1377 0.1896 0.2311 0.2705 3.1 0.1437 0.1885 0.2319 0.2739 
3.2 0.1353 0.1762 0.2152 0.2523 3.2 0.1355 0.1779 0.2119 0.2590 
3.3 0.1233 0.1609 0.1969 0.2314 3.3 0.1280 0.1682 0.2073 0.2452 
3.4 0.1169 0.1528 0.1872 0.2202 3.4 0.1211 0.1592 0.1964 0.2325 
3.5 0.1111 0.1453 0.1782 0.2098 3.5 0.1147 0.1509 0.1863 0.2207 
3.6 0.1053 0.1379 0.1692 0.1994 3.6 0.1088 0.1433 0.1769 0.2098 
3.7 0.1005 0.1317 0.1618 0.1909 3.7 0.1033 0.1362 0.1682 0.1966 
3.8 0.0952 0.1250 0.1537 0.1815 3.8 0.0982 0.1295 0.1602 0.1901 
3.9 0.0910 0.1195 0.1470 0.1737 3.9 0.0935 0.1234 0.1526 0.1813 
4.0 0.0868 0.1140 0.1404 0.1660 4.0 0.0891 0.1177 0.1456 0.1730 
5.0 0.0575 0.0785 0.0937 0.1113 5.0 0.0581 0.0769 0.0955 0.1139 
6.0 0.0432 0.0571 0.0709 0.0845 6.0 0.0407 0.0541 0.0673 0.0804 
7.0 0.0297 0.0397 0.0409 0.0585 7.0 0.0301 0.0400 0.0498 0.0596 
8.0 0.0229 0.0304 0.0379 0.0453 8.0 0.0231 0.0308 0.0384 0.0459 
9.0 0.0181 0.0241 0.0300 0.0360 9.0 0.0183 0.0244 0.0304 0.0364 
10.0 0.0149 0.0199 0.0248 0.0297 10.0 0.0149 0.0198 0.0247 0.0296 
12.0 0.0108 0.0144 0.0179 0.0214 12.0 0.0104 0.0138 0.0172 0.0206 
14.0 0.0081 0.0108 0.0134 0.0161 14.0 0.0076 0.0102 0.0127 0.0152 
16.0 0.0057 0.0076 0.0095 0.0114 16.0 0.0058 0.0078 0.0098 0.0117 
18.0 0.0048 0.0064 0.0080 0.0096 18.0 0.0046 0.0062 0.0077 0.0092 
20.0 0.0036 0.0048 0.0060 0.0072 20.0 0.0037 0.0050 0.0062 0.0057 
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Taglc 3. Influencc values (T，) in the equation (37) 
J 。 4 5 6 3 4 5 6 
O 3.0000 3.0000 3.0000 3.0000 8.00 0.0231 0.0288 0.0384 0.0444 
0.25 2.2735 2.4144 2.5001 2.5347 9.00 0.0183 0.026'1 0.0303 0.0384 
0.50 1.6584 1.8696 2.0154 2.1222 10.00 0.0150 0.0183 0.0243 0.0263 
0.75 1.2000 1.4174 1.5840 1.7164 11.00 0.0123 0.0141 0.0204 0.0231 
1.00 0.8784 1.0716 1.2321 1.3665 12.00 0.0111 0.0117 0.0126 0.0198 
1.25 0.6576 0.8208 0.9624 1.0866 13.00 0.0087 0.0090 0.0147 0.0158 
1.50 0.5043 0.6375 0.7607 0.8633 14.00 0.0078 0.0081 0.0132 0.0141 
1.75 0.3975 0.6096 0.6096 0.7065 15.00 0.0066 0.0069 0.0111 0.0117 
2.00 0.3164 0.4086 0.4956 0.5763 16.00 0.0057 0.0060 0.0096 0.0105 
3.00 0.1536 0.2019 0.2488 0.2937 17.00 0.0051 0.0057 0.0087 0.0093 
4.00 0.0894 0.1167 0.1464 0.1731 18.00 0.0048 0.0051 0.0081 0.0075 
5.00 0.0582 0.0741 0.0960 0.1119 19.00 0.0042 0.0045 0.0072 0.0075 
6.00 0.0408 0.0540 0.0675 0.0999 20.00 0.0036 0.0060 0.0060 0.0063 
7.00 0.0306 0.0420 0.0507 0.0528 
Table 4. Influcncc values (H4・，)in thc equation (39) 
5 6 よ¥¥ν 5 6 
O 1.5000 1.5000 2.6 0.3089 0.3617 
0.1 1.4997 1.4999 2.7 0.2900 0.3401 
0.2 1.4955 1.4978 2.8 0.2726 0.3202 
0.3 1.4812 1.4898 2.9 0.2567 0.3019 
0.4 1.4520 1.4715 3.0 0.2421 0.2850 
0.5 1.4015 1.4400 3.1 0.2286 0.2694 
0.6 1.3464 1.3949 3.2 0.2162 0.2550 
0.7 1.2752 1.3378 3.3 0.2047 0.2417 
0.8 1.1971 1.2716 3.4 0.1940 0.2293 
0.9 1.1162 1.1996 3.5 0.1842 0.2179 
1.0 1.0355 1.1250 3.6 0.1750 0.2072 
1.1 0.9574 1.0503 3.7 0.1665 0.1973 
1.2 0.8833 0.9776 3.8 0.1586 0.1880 
1.3 0.8140 0.9080 3.9 0.1512 0.1794 
1.4 0.7499 0.8423 4.0 0.1443 0.1712 
1.5 0.6912 0.7811 5.0 0.0950 0.1132 
1.6 0.6375 0.7243 6.0 0.0670 0.0800 
1.7 0.5887 0.6721 7.0 0.0497 0.0594 
1.8 0.5444 0.6241 8.0 0.0383 0.0458 
1.9 0.5042 0.5802 9.0 0.0304 0.0364 
2.0 0.4677 0.5400 10.0 0.0247 0.0296 
2.1 0.4364 0.5033 12.0 0.0172 0.0206 
2.2 0.4045 0.4697 14.0 0.0128 0.0152 
2.3 0.3772 0.4390 16.0 0.0098 0.0116 
2.4 0.3523 0.4110 18.0 0.0079 0.0092 
2.5 0.3296 0.3853 20.0 0.0068 0.0076 
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The vertical stress distributioll ullder the X alld Y axis (Fig. 5)， whell 
distrib凶 edloads are applied 011 the area wi出 varioussbapes alld the 
cOllcelltratioll factor is 3 (Boussillesq's forl11.ula) 
4. 
When ag1'icultu1'al vehicle 1'uns ove1' a field su1'face， the shape of a contact a1'ea is not 
always circular.Therebyq it wili bevaluable to estimate tiMStress distrib111;ion fbr various 
shapes of the contact a1'ea. Calculations a1'e conducted fo1' the shape of contact a1'ea 
of squa1'e， 1'ectangle， ellipse and ho1'seshoe based on Boussinesq's fo1'mula and the 1'esults 
a1'e tabulated in Table 5-Table 8. Fo1' example， the computation method fo1' a squa1'e 
plate is illust1'ated as follows: 
?????? ? (40) σz 
2n [1 +(をYr
where 
Y 
トー
Y 
一-x
fl， 
Y 
Xーー!一時一一一一!一一一一一一
2U1 1 
Y 
一一寸
??
一一寸fl， 
y 
hors巴sho巴
レ一一
γ 
α， -x ?
rectangle 
。1
I square 
y 
Shapcs of conlacl arca. Fig.5. 
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Table 5. Influcnce values whcn the shapc o[ the loadcd area is assumed as a square platc (Fig. 5) 
O 0.25 0.50 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
0.25 0.990 0.987 0.975 0.497 0.018 0.002 0.001 0.000 0.000 0.000 
0.50 0.930 0.921 0.878 0.478 0.014 0.004 0.004 0.001 0.000 0.000 
0.75 0.810 0.772 0.751 0.436 0.135 0.034 0.011 0.005 0.002 0.000 
1.00 0.701 0.681 0.634 0.399 0.164 0.056 0.020 0.008 0.004 0.001 
1.25 0.583 0.573 0.527 0.354 0.179 0.073 0.033 0.014 0.008 0.003 
1.50 0.486 0.473 0.437 0.313 0.177 0.085 0.040 0.019 0.010 0.005 
1. 75 0.403 0.393 0.368 0.274 0.170 0.092 0.047 0.025 0.013 0.008 
2.00 0.337 0.330 0.310 0.241 0.160 0.095 0.054 0.029 0.017 0.010 
2.50 0.241 0.237 0.226 0.186 0.137 0.092 0.059 0.036 0.022 0.014 
3.00 0.179 0.177 0.170 0.146 0.115 0.085 0.059 0.042 0.026 0.020 
4.00 0.108 0.107 0.105 0.095 0.082 0.066 0.052 0.039 0.029 0.022 
5.00 0.072 0.071 0.070 0.066 0.059 0.051 0.043 0.035 0.028 0.022 
7.00 0.038 0.038 0.037 0.036 0.034 0.031 0.028 0.025 0.022 0.019 
10.00 0.019 0.019 0.018 0.018 0.018 0.017 0.016 0.015 0.014 0.013 
Tablc 6. Influcncc va1ucs when thc shape o[ thc 10aded arca ia 抑制ll1cdas a rcctangular platc (Fig. 5) 
(X-X) 
O 0.5 1.0 2.0 3.0 4.0 
0.5 1.163 0.969 0.952 0.478 0.011 0.001 
1.0 0.950 0.809 0.765 0.475 0.058 0.009 
1.5 0.630 0.622 0.570 0.337 0.089 0.021 
2.0 0.483 0.458 0.433 0.273 0.104 0.033 
2.5 0.449 0.376 0.335 0.225 0.107 0.042 
3.0 0.334 0.287 0.262 0.186 0.103 0.047 
3.5 0.250 0.229 0.214 0.160 0.096 0.051 
4.0 0.191 0.181 0.176 0.136 0.089 0.053 
5.0 0.132 0.129 0.123 0.101 0.074 0.050 
6.0 0.094 0.094 0.090 0.077 0.061 0.044 
8.0 0.057 0.056 0.055 0.050 0.043 0.035 
10.0 0.037 0.037 0.036 0.035 0.030 0.026 
14.0 0.020 0.020 0.019 0.018 0.018 0.016 
20.0 0.010 0.010 0.010 0.010 0.009 0.009 
(Y-Y) 
0.5 1.0 1.5 2.0 2.5 3.0 4.0 
0.864 0.357 0.000 0.000 
0.50 0.904 0.482 0.095 0.027 0.004 0.004 0.000 
0.75 0.816 0.464 0.148 0.056 0.015 0.006 0.000 
1.00 0.724 0.510 0.196 0.090 0.030 0.013 0.002 
1.25 0.612 0.431 0.224 0.119 0.045 0.021 0.003 
1.50 0.578 0.373 0.238 0.148 0.064 0.031 0.006 
1.75 0.505 0.370 0.239 0.154 0.073 0.040 0.008 
2.00 0.370 0.340 0.235 0.161 0.085 0.049 0.008 
2.50 0.349 0.333 0.245 0.168 0.096 0.062 0.025 
3.00 0.261 0.235 0.189 0.159 0.100 0.069 0.032 
4.00 0.187 0.165 0.144 0.122 0.093 0.071 0.0.11 
5.00 0.129 0.120 0.115 0.096 0.078 0.065 0.037 
7.00 0.072 0.069 0.065 0.061 0.054 0.048 0.037 
10.00 0.037 0.036 0.034 0.033 0.032 0.030 0.026 
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Table 7. Influcnce val日間 whcn thc shape of thc loaded arca is assumed as a horscshoe platc (Fig. 5) 
(X-X) 
O 0.5 
? ??
1.5 2.0 2.5 
??????????
???
????
? ?
?
?
? ???
????
?
??????
?
????????
? ?
??
???
?
????
??
???????
?
?
?
????
?
••••••....•. 
??
??
????
????
?
?????
????
??
?
???
? ?
??????
•..... .. 
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3.0 3.5 4.0 6.0 8.0 
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?? ????????
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?
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????? ?
????? ??
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??????
?
????????????
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?
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?
??
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?
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?
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• •• .. •  
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???
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0.50 
0.75 
1.00 
1.25 
1.50 
1.75 
2.00 
2.50 
3.00 
4.00 
5.00 
7.00 
10.00 
0.50 
0.868 
0.818 
0.685 
0.648 
0.565 
0.496 
0.433 
0.326 
0.280 
0.180 
0.119 
0.081 
0.041 
0.75 
0.808 
0.714 
0.662 
0.547 
00467 
0.429 
0.380 
0.298 
0.258 
0.173 
0.113 
0.079 
0.041 
(Y-Y) 
1.0 
00492 
0.477 
0.452 
00421 
0.395 
0.3G2 
0.331 
0.266 
0.199 
0.161 
0.093 
0.078 
0.033 
1.5 
0.054 
0.120 
0.201 
0.237 
0.242 
0.240 
0.237 
0.204 
0.197 
0.141 
0.083 
0.075 
0.038 
2.0 
0.026 
0.043 
0.070 
0.097 
0.097 
0.131 
0.137 
0.136 
0.125 
0.114 
0.068 
0.063 
0.037 
Tablc 8. lnflucncc valucs whcn thc shape of thc loadccl arca日出sumcclas an cllipsc plalc 
(X-X) 
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(Y-Y) 
0.5 1.5 2.0 2.5 3.0 4.0 
0.50 0.897 0.076 0.014 0.0'1 0.001 0.000 
0.75 0.833 0.136 0.034 0.012 O.OOG 0.000 
1.00 0.718 0.179 0.064 0.029 0.010 0.002 
1.25 0.682 0.202 0.088 0.038 0.018 0.005 
1.50 0.519 0.216 0.112 0.051 0.025 0.007 
1.75 0.452 0.213 0.129 0.120 0.033 0.011 
2.00 0.373 0.209 0.123 0.070 0.040 0.014 
3.00 0.234 0.IG2 0.118 0.084 0.055 0.027 
4.00 0.153 0.120 0.099 0.077 0.058 0.033 
5.00 0.110 0.082 0.077 0.OG5 0.053 0.035 
7.00 0.506 0.052 0.018 0.043 0.038 0.028 
10.00 0.030 0.027 0.026 0.025 0.024 0.020 
5. Esti:mation of the vertical stress distribution 蹴 lderar悩廿aryshape of 
a unifor:mly loaded a:l."ea by :means of the construction :method 
Using the construction method， one will be able to obtain the ve1'tical st1'es distrilmtion 
unde1' any shape of loaded a1'ea， the next equation fo1' the value of (ro/Z) can be de1'ived 
f1'om equation (28). 
Z -1 ( 41) 
Table 9 shows the value of 1'0/Z eorresponding to the value of σz/qo fo1' di島 1帽entcon幽
eent1'ation faeto1's. The ve1'tieal st1'ess is obtained as follows. When the value ofσz/qo 
is equal to 0.8， the value of ro/Z is given as 1.387 fo1'ν=3 in this table. By selecting 
some definit巴seale，OQ， asshown in Fig. 6 to the depth Z， we obtain th巴lengthof 1'adius 
1'0・8which co1'1'esponds to dz/qo=0.8 by multiplying the length by 1.387. This pr司oeedu1'e
is 1'epeated fo1' the othe1' value of σz/qo， fo1' instance，σz/qo=0.6， as shown in Fig. 6. 
The diag1'am thus obtained 1'ep1'esents an influenee cha1't fo1' a su1'faee load l凶 ty(q 
= 1.0 kg/em2). Thus， the ve1'tieal st1'ess will be equa1 to 0.8， ifthe load ofthe enti1'e ei1'eula1' 
a1'ea is unit qo= 1.0. If only the 1'ing a1'ea between the 1'adii 1'0・8and 1'0・6is loaded， the ve1'-
tieal st1'ess will be σz=0.8-0.6=0.2. 1t should be noted that eaeh 1'ing is subdivided 
into 10 equal bloeks (Fig. 6). The1'efo1'e， a load of qo=l.O cove1'i碍 oneof these bloeks 
will p1'oduce a ve1'tical st1'ess of山口0.1x 0.2 =0.02. 1n othe1' wo1'ds， the influenee value 
of each loaded block is 0.02. Fo1' the value of qo othe1' than 1.0， the influenee value 
of 0.02 of each 10aded bloek should be multiplied by the aetual value of qo・ Toealeulate 
the ve1'tieal st1'es， the shape of the loaded area is d1'awn on a t1'aeIng pape1' in sueh a seale 
that the distanee OQ of the cha1't co1'1'esponds to the depth Z at which the st1'ess σz is to 
be eomputed. The tr附 i泊n時giおst出hen
beneat出:hwhich the st1'es iおstωo be comp孔)ut匂;怠edcoincides wヘV吋1江凶t1出hthe ce伐nte伐l'、Oぱft山:hecha幻l'、:'t.仁晶‘The 
nu叩1m凶ber句ofb凶3汁10侃eksωsc∞ove1'ed by the 10aded a1'ea abcdef、(seeFig. 6) is counted. This numbe1' 
is multip1ied by the influence value of blocks and by qo・ Thep1'oduct thus obtained gives 
the va1ue of (J z fo1' th子tpa1'ticula1' point (eq凶 tion(32))・ Thediag1'am illustr刻 i時 the
use to1' concent1'ation Ulcto1' 3， 5， 9 a1'e also shown in Fig. 7， 8， 9 1'espectively. 
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Value of 1'elative 1'adius fo1' di釘erentconcent1'ation facto1's (ν=3，5，9) 
ハ:…1内…一、しの・，..1. ..1.l-;・ 'YY¥..1、…… pe1'
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
Ag1'icultural Bulletin of Saga Unive1'sity No. 39 (1975) 
radius 
0.000 
0.270 
0.400 
0.518 
0.638 
0.766 
0.918 
1.100 
1.387 
1.908 
0.000 
0.100 
0.200 
0.300 
0.400 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
??????
Table 9. 
?????????
?
???????
， ，? ?
?。??。?
0.158 
0.317 
0.382 
0.447 
0.562 
0.668 
0.791 
0.952 
1.230 
0.100 
0.200 
0.300 
0.400 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
? ? ? ? ? ? ? ? ? ? ? ? ?
5 
??
???
???????
??????
??????
0.141 
0.230 
0.295 
0.352 
0.404 
0.485 
0.547 
0.655 
0.817 
0.100 
0.200 
0.300 
0.400 
0.500 
0.600 
0.700 
0.800 
0.900 
??????
9 
Diagram iIustrating the use of network cha1't fo1' the computation of vertical st1'esses. Fig.6. 
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Fig. 7. Influencc chart when influence value古 0.005and conccntration factor出 3.
Fig. 8. Influence chart whcn influence value口 0.005ancl concentration factorロ 5.
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Fig. 9. Influcnce chart whcn influence value=O.005 and conccntration仏ctor=9.
σz=qo・n・(inftuencevalue) (32) 
6. Conclusion 
In this paper， several formulas fo1' estimating the vertical stress dist1'ibution unde1' the 
soil surface when a load is applied on it are studied and analyzed. Calculations fo1' the 
vertical stress distribution a1'e conducted fo1' va1'ious shapes of the load distribution and 
contact area. The result obtained by the calculations a1'e tabulated fo1' the convenience 
of a p1'actical use. 
References 
1) Karl Terzaghi: 刀ieoreticalSoil Mechanics，John Wiley and Sons， pp. 372-382， (1963) 
2) K. Szechy: Der Gruudbαu， Untersuchung und Festichkeitleh問 b回 Bazψ1mdes，Springer Verlag， p.253， (υ1963) 
3め) G.P. ぐT百rscl油 0ωta紅矧r討io釘任 s必Oiμ1Me何d叫chα叩mc附sら，Found， 
217“219， (1951) 
オフ・ザ・ロード ロコモーションに関する研究
一一水田ホ場における鉛誼応カの算出一一
吉田 勲・加来
(農業造機学研究家)
摘 要
研
わが国にかいては，農業の近代化に伴L、，大型農用機械が急速に導入されている.これらの大
毅農用機械がホ場地擦を走行することにより，ホ場土は，従来，受けたことのない大荷重を受け
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て締められ，排水不良となる傾向が見られる.ニ!二の締悶めは， j長用機械走行u寺の地磯内応力分布
と密接な関係があり，合理的な農業の機械化のためには， ζの問題の解決が急、がれる.
地表聞に鉛直荷重が作用する場合の地盤内鉛複応力を算出する式としては Boussinesq式と
Fr出lich式が， よく使用されている.前者は地換を完全iJiH主体と仮定し，理論的1C，誘導され
たものであるが，後者は，一般の地盤は完会弾f主体と~'ìなし符ないことを考慮して，半終験的lζ
誘導されたものである.その仰に，応力の広がりの限界jfJを考慮した Strohschneider式がある.
本論文は， まず，上記三式の特徴なよび適用縄問を論じ，次1C，主として， Frりhlich式を悲礎
にして，種々の底商応カ分布ぞ仮定し，内形~荷絞中心下lと生じる鉛直応力を算出する式を誘導
した.また，これらの式を使用して，実際の計算を行ない，穣々の;場合についての，応力計算表
を作成した.
